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Introduction 

        DNA Phenotyping is the prediction of physical appearance from 

DNA. It can be used to generate leads in cases where there are no 

suspects or database hits, or to help identify remains. Using in-depth 

data mining and advanced machine learning, and with support from 

the US Department of Defense, we have built the Snapshot™ 

Forensic DNA Phenotyping System, which accurately predicts 

genetic ancestry, eye color, hair color, skin color, freckling, 

and face shape in individuals from any ethnic background, even 

admixed individuals. Each prediction is presented with a measure of 

confidence, and highly unlikely trait values are excluded.  We have 

also developed a novel kinship inference algorithm that can accurately 

predict relatedness between any two individuals out to 6th-degree 

relatives using only their DNA. 

Genetic Ancestry 
•  Snapshot compares new, unknown subjects against background data from 

nearly 8,000 individuals with clearly defined ancestry  

•  Infers percent membership in each of 7 global populations (Africa, the 

Middle East, Europe, Central/South Asia, East Asia, Oceania, America) 

•  Also calculates percent ancestry from subcontinental populations (e.g., 

Northwest vs. Northeast Europe 

•  Robust to admixture and can distinguish among closely-related populations 
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Eye Color 

Phenotype prediction:  

•  Green eyes with 61.0% confidence 

•  Green or Blue with 79.4% confidence 

•  EXCLUDE Brown and Black with 99.3% 

confidence 

39.0% 

59.4% 

20.6% 

0.7% 0.0% 
0% 

25% 

50% 

75% 

100% 

Blue Green Hazel Brown Black 

1.638 

Example Prediction 

Distant Kinship Inference 
•  Uses genome-wide SNP data to compare two genomes and predict the 

degree of relatedness between the two individuals 

•  100% accuracy for parent-offspring, full siblings, and 2nd-degree relatives 

•  >95% accurate at distinguishing 6th-degree relatives (2nd cousins once-

removed) from unrelated pairs 

•  Can be used for identifying remains, validating kinship claims, and 

constructing relationship networks among subjects of interest 

Figure 1: Snapshot Kinship accuracy, measured as the frequency of correct predictions of the exact degree of 

relatedness (absolute accuracy) and the frequency of predictions within one degree of relatedness (n = 1,282 

relationships).  All relationships are defined relative to the black square. 
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SNP Technology 
•  Traditional DNA forensics uses short tandem repeats (STRs), which can 

only be used for matching and cannot generate leads in the absence of a 

suspect or CODIS hit 

•  Snapshot uses single nucleotide polymorphisms (SNPs), which code for 

the actual differences between people 

•  Millions of SNPs are found across the genome and provide the information 

needed to predict an individual’s appearance 

Complex Ancestry Example 

Japanese	   46.5%	  
Southwest	  
European	   22.5%	  

Central	  
American	   15.6%	  

South	  
American	   4.7%	  

North	  
Asian	   3.3%	  

Brazilian	   2.8%	  
Southeast	  
Asian	   2.4%	  

Caucasian	   2.1%	  

Popula'on	   %	  
East	  Asian	   54.3%	  
NaCve	  

American	   38.4%	  

European	   5.5%	  
Middle	  
Eastern	   1.5%	  

Conclusion 

This individual is half Japanese 

and half Latino. 
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Regional Ancestry Proportions 

DNA Requirements 
•  Snapshot can accept data from any off-the-shelf Illumina genome-wide SNP 

genotyping array or next-generation sequencing machine 

•  Parabon has partnered with forensic laboratories to generate this data from 

casework samples 

•  Call rates sufficient for prediction can be obtained from as little as 50 pg of 

extracted DNA, which can potentially be found in a fingerprint 

•  Prediction accuracy degrades smoothly with loss of SNPs from small or 

degraded samples, which is reported via wider confidence intervals 
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Hair Color 

Phenotype prediction:  

•  Blond hair with 15.2% confidence 

•  Blond or Red with 99.6% confidence 

•  EXCLUDE Brown and Black with 99.6% 

confidence 
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Skin Color 

Phenotype prediction:  

•  Very Fair skin with 78.0% confidence 

•  Very Fair or Fair with 97.1% confidence 

•  EXCLUDE Light Olive, Dark Olive, and 

Dark with 97.1% confidence 
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Freckling 

Phenotype prediction:  

•  Few freckles with 57.9% confidence 

•  Few or Some with 79.2% confidence 

•  No excluded phenotypes 
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